Total serum triiodothyronine (T 3 ) and thyroxine (T,) concentrations were assayed in neonatal llamas from birth to 90 days of age. T 3 concentrations were high at birth and increased from birth to approximately 6 days, then gradually decreased. T 4 concentrations were highest at time of birth and decreased gradually over the 90-day period.
Knowledge of baseline serum thyroid hormone concentrations is necessary for the diagnosis and investigation of thyroid-related diseases. Basal serum triiodothyronine (T 3 ) and thyroxine (T 4 ) concentrations for llamas (Llama glama) in North America have only recently been established. 13, 30 One study determined serum T 3 and T 4 concentrations in males, females, and pregnant females, ranging in age from 6 months to 10 years. 30 The other study divided test subjects into several age and sex categories, including 1 group with animals less than 1 month old. 13 Research in other species, however, has shown that serum T 3 and T 4 concentrations are highest shortly after birth and decline thereafter for a variable period of time. 9, 12, 16, 17, 24 The extremely high hormone concentrations of neonatal animals could cause errors in interpretation if compared with normal values from older animals. An erroneous diagnosis of hyperthyroidism could result from comparing normal neonatal hormone concentrations to lower yet normal concentrations of older animals. Conversely, an animal with congenital hypothyroidism could have low thyroid hormone concentrations that fall within the range of normal values from older animals. Thus, a knowledge of serum T 3 and T 4 concentrations in the immediate perinatal period could be useful information for the investigation of congenital hypothyroidism in the neonatal llama.
The objective of this study was to determine basal serum T 3 and T 4 concentrations and T 3 :T 4 ratios in neonatal llamas (crias) and to compare these values with those from older animals. Serum T 3 concentrations were high in the 0-2-day age group (X = 5.13 ng/ml) and increased slightly in the 3-4-day and 5-6-day age groups before decreasing steadily in each age group thereafter (Table 1) . Peak mean serum T 3 concentrations of 5.47 ng/ml occurred in the 3-4-day age group. Mean serum T 3 concentrations in the 11-30-day age group (3.27 ng/ml) were only approximately 60% of those in the 3-4-day age
Materials and methods
Specimen collection. Blood samples were collected from 66 crias of both sexes that appeared vigorous and exhibited normal behavior after birth. Venous blood samples were allowed to clot at 4 C, the samples were centrifuged, and the serum was removed and stored at -20 C until analyzed. The samples were allotted to groups based on the animal's age: 0-2 days, 3-4 days, 5-6 days, 7-8 days, 9-10 days, 11-30 days, 31-90 days.
Hormone assays. Total serum T 4 concentrations were determined by use of a radioimmunoassay diagnostic kit. a Total serum T 3 concentrations were determined by use of a microparticle enzyme immunoassay. b The assays were validated by evaluating recoveries and linearity after serial serum dilutions and by determining recoveries after spiking samples.
Statistical analysis. The range of values in each group was established by determining the mean ± 2 standard deviations of the mean. A l-way analysis of variance (ANOVA) was used to determine the significance of differences between the means. The Tukey HSD multiple comparison procedure was used to determine which group means were different.
Results
Serum T 4 concentrations were highest in crias <2 days old and generally decreased steadily with advancing age ( Table 1) . From a mean value of 610 ng/ ml in the 0-2-day age group, the serum T 4 concentration decreased almost 3-fold to a mean value of 206 ng/ml in the 11-30-day age group. A further decrease to a mean value of 145 ng/ml was found in the 31-90day age group. group. In the 31-90-day age group, the mean serum T 3 concentration decreased further to 1.63 ng/ml. Ratios of T 3 :T 4 were lowest immediately after birth and tended to rise with age.
Discussion
Serum T 4 concentrations of crias in this study were highest at birth and generally decreased steadily with age ( Table 1) . Mean serum T 4 concentrations in the 31-90-day age group were only 24% of those in the newborn crias. Mean serum T 4 concentrations of crias in the 0-2-day, 2-4-day, 5-6-day, and 7-8-day age groups were higher than values reported for crias < 1 month old. 13 In the 9-10-day age group, the mean (and range) of serum T 4 concentration was very similar to the aforementioned values. Mean serum T 4 concentration in the 31-90-day age group was similar to or slightly higher than those reported previously for juvenile and adult llamas. 13, 30 Serum T 3 concentrations in the crias were also elevated at birth and showed a slight tendency to increase during the first several days of life (Table 1) . Mean serum T 3 concentrations in the 0-2-day, 3-4-day, and 5-6-day age groups were moderately higher than previously reported values for crias < 1 month old, but overall the mean serum T 3 concentrations of crias of this study were similar to previously reported values. 13 Serum T 3 concentrations at 31-90 days were only one third of those during the first 6 days of life.
These findings illustrate the significance of the extremely high serum T 3 and T 4 concentrations in neonatal crias. Without knowledge of these normal elevated values, erroneous interpretations of thyroid hormone concentrations could occur if these values were compared with values from older animals, which are much lower.
High neonatal serum T 3 and/or T 4 concentrations have been reported in several species. 1, 5, 12, 13, 17, 19, 20, 26 High thyroid hormone concentrations may be important for the rapid development and function of several organ systems, including the nervous system and the musculoskeletal system. 3, 5, 16, 17 Thyroxine is synergistic with somatomedin, a polypeptide released from the liver in response to pituitary growth hormone and that influences skeletal growth. 17 Furthermore, thyroid hormones play a major role in thermogenesis by their influence on brown fat. The catecholamines, epinephrine and norepinephrine, are the major stimuli for increased thermogenesis from brown fat, but the very high monoamine oxidase levels in brown fat cause rapid catecholamine degradation and lowered effective concentrations. 17 Thyroxine inhibits monoamine oxidase so that catecholamine levels are increased and thermogenesis is enhanced. Rapid and efficient thermogenesis in the neonate is likely a common survival mechanism in most mammalian species, especially those whose young are often born in cold climates, such as the horse. 17 The neonate's thermogenic ability and thyroid hormone activity increases in order in the following species: rabbit, rat, kitten, human, guinea pig, piglet, calf, lamb, and foal. 17 The llama is a species that is also adapted to a cold climate. Furthermore, the llama dam does not stimulate its newborn cria by licking it as do most mammals. Thus, more than other species, the newborn cria may be quite dependent on high neonatal T 3 and T 4 concentrations to stimulate adequate thermogenesis and neuromuscular activity. Also, newborn animals that have a high degree of maturity may be more dependent on thyroid hormones than are those of species that give birth to less mature young. 15 In human infants, serum T 4 concentrations peak at 24 hours after birth due to an acute release of thyroidstimulating hormone (TSH), which peaks by 30 minutes after birth. 1, 8, 10 This initial pituitary release of TSH appears to be stimulated by cooling in the extrauterine environment. Serum T 4 concentrations then decrease slowly over the next several weeks. A similar trend is documented for the neonatal foal. 17 The serum T 4 concentrations in the crias of this study, however, were much higher than those of foals and decreased less rapidly. Serum T 4 concentrations in the 11-30-day age group were approximately 8 times as high as those reported for 12-16-day-old foals. 17 In human infants, lambs, and calves, a prenatal increase in serum T 3 concentrations occurs during the last week of gestation, and a rapid postnatal surge of T 3 occurs during the first few hours after birth. 1, 8, 10, 20, 24, 25 The prenatal rise in serum T 3 concentration correlates with the prenatal increase in serum cortisol concentrations. 20 Experimentally, cortisol administration to the near-term sheep fetus increases fetal T 3 concentrations over a period of 2-3 days. 33 The postnatal T 3 surge in infants is biphasic; the initial rise is followed quickly by a more sustained rise that peaks at approximately 24-36 hours. 8 The T 3 concentrations then slowly decrease. The crias in this study followed a similar pattern. At birth, the cria serum T 3 concentrations were high, increased to peak levels in the 3-4-day age group, and remained above the levels at birth until days 7-8. The serum T 3 concentrations then gradually decreased but not by the same magnitude as the serum T 4 concentrations. By 31-90 days, the cria values were similar to adult llama values. 13, 30 In general, baseline T 3 concentrations are difficult to interpret and tend to be variable. 14, 27 Serum T 3 levels are decreased by conditions that reduce cofactors needed for peripheral deiodination reactions and by decreased thyroid secretion due to decreased thyrotropin-releasing hormone (TRH) output by the hypothalamus. Measurement of T 3 concentrations after exogeneous TSH stimulation may minimize these effects and could provide meaningful results. 27 No TSH stimulation tests have been reported for neonatal llamas. In older llamas (6 months-10 years), TSH stimulation resulted in peak serum T 3 concentrations of 4 times baseline values at 4 hours poststimulation and peak serum T 4 concentrations of 2.3 times baseline values at 8 hours poststimulation. A similar result was seen in dogs and horses. 27 The diagnostic applications of T 3 :T 4 ratios in llamas have yet to be determined. The lowest T 3 :T 4 ratios in this study were found in crias ≤ 4 days old and were influenced by the exceptionally high serum T 4 concentrations. In the older crias, the serum T 4 concentrations decreased proportionally more quickly than did the serum T 3 concentrations, resulting in higher T 3 :T 4 ratios until approximately 30 days of age. The mean T 3 : T 4 ratio of all crias >4 days old in this study was 0.0139, which is similar to the mean ratio in a previous report of 0.0146 in older llamas. 30 The T 3 :T 4 ratio has been suggested as a useful index of thyroid function in several species. In hypothyroid dogs, the T 3 :T 4 ratio was double that of normal dogs (mean ratio = 0.09 vs. 0.04). 27 Acute TSH stimulation causes a greater release of T 3 than T 4 from the thyroid gland, so that the T 3 : T 4 ratio is increased.
14 In 1-day-old foals, TSH stimulation tests caused a doubling of T 3 concentrations at 3 hours post-TSH administration and an increase of Evans, Colton T 4 concentrations by 16% at 6 hours. 28 Similarly, TSH stimulation of adult dogs and horses caused an increase in T 3 concentrations that occurred earlier and was of greater magnitude than the increase in T 4 concentrations. 27 Chronic TSH stimulation causes both increased T 3 secretion and increased monodeiodination of T 4 . Furthermore, human patients with preclinical hypothyroidism (serum T 4 normal, TSH normal or high, and exaggerated TRH response) often have low normal baseline T 4 concentrations but normal T 3 concentrations and therefore an increased T 3 :T 4 ratio. 32 The diagnostic applications of thyroid hormone levels in neonatal llamas are potentially significant. Congenital hypothyroidism has been reported in many species, 2, 4, 6, 7, 11, 16, 18, [21] [22] [23] 29, 34 and hypothyroidism in young llamas has also been reported. 31 The clinical signs and lesions of congenital hypothyroidism likely depend upon the degree of severity of the thyroid deficiency as well as the stage of fetal development at which the deficiency occurs. Signs such as weakness at birth, reluctance to suckle, lack of vigor, poor thermogenesis, and poor growth are vague but significant indications of possible hypothyroidism in other species and are also common problems of newborn crias. Several crias excluded from this study because of weakness and lack of vigor at birth had low serum T 3 and/or T 4 concentrations (e.g., serum T 3 = 1.44 ng/ml, serum T 4 = 127 ng/ml), suggesting that congenital hypothyroidism may have been present. Foals with hypothyroidism may have musculoskeletal abnormalities, including poor growth and angular limb deformities. 21, 22 Young llamas (1-23 months) with erythrocyte dyscrasia, anemia, poor growth, and angular limb deformities have also been reported. 31 Serum T 4 concentrations in the affected animals were low and response to TSH stimulation was poor. Serum T 4 concentrations were low normal and response to TSH was inconsistent.
Further investigations of crias with signs and/or lesions of possible hypothyroidism will help elucidate the incidence of thyroid-related diseases in this species.
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